Ⅰ. Introduction
The Korean students have been consistently performing at the highest levels in mathematics achievement in the world. In the TIMSS 2011 mathematics assessment for the eighth grade students, the Korean students were rated number one in the world (Mullis, Martin, Foy & Alka, 2012) . In the prior years, the Korean students were rated number two in 1999, 2003, and 2007 and number three in 1995 (Mullis, et al., 2012; Mullis, Martin & Foy, 2008; Mullis, Martin, Gonzalez & Chrostowski, 2004; Mullis, Martin, Gonzalez, Gregory & Garden, 2000) . Although the Korean students have been performing at the highest levels of mathematics achievement, the Korean girls' average achievement scores have been persistently lower than the boys' average scores from Korea's first TIMSS assessment in 1995 to the most recent assessment in 2011 (Mullis, et al., 2000; Mullis, et al., 2008; Mullis, et al., 2012) .
The figure 1 represents the Korean eighth grade boys' and girls' average mathematics achievement scores from TIMSS 1995 to TIMSS 2011.
For two assessments, TIMSS 1995 and TIMSS 2011, the gender differences were statistically significant. In the TIMSS 2011 mathematics assessments, there were no gender difference in 22 of the 42 countries, a difference favoring girls in 13 countries and a difference favoring boys in seven countries which included Korea (Mullis, et al., 2012) .
With Mathematics being a foundation subject, the gender differences in mathematics achievement is a concern and educators seek to close the gender gap in mathematics education (Kim, 2008; Korea Institute for Curriculum and Education, 2013) . Numerous studies have attributed gender differences in mathematics achievement to sociocultural factors such as parental expectations and involvement in education (Choi, 2013; Halpern, Benbow, Geary, Gur, Hyde & Gernsbacher, 2007; Geist & King, 2008; Lee, 2006; O'Connoer-Petruso & Miranda, 2004) , teacher efficacy and influence (House, 2004; Park, 2006; Shin, 2012; Go, 2004) , school environment and affinity (Blum & Libbey, 2004; Whang, 2006) as well as mathematics attitude (Else-Quest, Hyde & Lynn, 2010; Go, 2004; Kim, 2003; Leung, Graf & Lopez-Real, 2006; Mullis, et al., 2012) .
The purpose of this study is to develop and apply a conceptual model to examine how sociocultural factors such as parents, teachers and schools influence gender differences in students' mathematics attitude and mathematics achievement for Korean students using the TIMSS 2011 results. Although there have been various studies based on TIMSS data, there are limited studies based on the most recent TIMSS 2011 results (KICE, 2013) . Some of the prior studies include: Kim and Kim (2009) which analyzed the level of difficulty across TIMSS 1999 TIMSS , 2003 TIMSS , 2007 Sohn and Go (2012) which analyzed PISA and TIMSS questions and developed recommendations for teaching and study practices; Joo, Lee and Yoo (2012) which investigated the structural relationship between Korean middle school students`self-confidence, positive attitude, instructional activities and achievement in mathematics; Kim et al., (2012) which examined the influence of educational environment to mathematics achievement. Some of these studies utilized models to examine relationship among various social and psychological variables and mathematics achievement. This study's model is unique in its attempt to understand the effects of sociocultural factors on students' mathematics attitude and their combined effects on mathematics achievement. The development and application of the model to uniquely examine the strengths of the factors influencing gender differences in mathematics achievement can help educators to identify and minimize gender-based influences that can impede girls' mathematics achievements and reduce gender gap in mathematics achievement. The findings of the study can serve as an input to the national initiative to reduce gender gap in mathematics achievement (Korean Institute of Curriculum and Evaluation, 2008 & . Given there are limited studies of Asian countries (Else-Quest, et al., 2010; Lee & Lee, 2011; Shin, 2012) this study can provide additional insight on gender differences in mathematics achievement.
Ⅱ. Theoretical Background
The following sections discuss studies that have attributed gender differences in mathematics achievement to sociocultural factors such as parental expectations and involvement in education, teacher efficacy and influence, school environment and affinity as well as students' mathematics attitude.
Parent, Teacher and School Factors
Recent studies on gender differences in mathematics achievement have attributed the gender differences not to physiological differences but to sociocultural factors. The countries of higher gender parity tend to show higher girls' mathematics achievement levels (Choi, 2013) . The Korean middle school girls indicated that social and cultural factors influence their career choices in science and technology (Lee, Choi, Lee, Ma & Lee, 2005) . For example, the girls agreed more with 'difficulty in employment for girls in science and engineering majors,' and 'avoidance of science and engineering majors due to male dominating environment. ' Guiso, Monte, Sapienza and Zingales (2008) , using 2003 PISA data testing of fifteen year olds from forty countries, found that gender inequality as measured by the Global Gender Gap Index (GGI) which captures the magnitude and scope of gender disparities in a country significantly correlated with the magnitude of the mean mathematics gender gap. According to the 2011 GGI, Korea, was identified as one of the lower gender-parity nations in the world (Hausmann, Tyson & Zahidi, 2011 (Lee, et al., 2005) .
O 'Connoer-Petruso and Miranda (2004) , based on the analysis of gender inequities in Korea, Singapore, and Taiwan mathematics achievement, found that parental expectations for their children's future careers mirrored gender typing in all three countries. Boys were encouraged to pursue technical careers while girls were directed towards fields in literature. As such boys take more advanced courses in higher mathematics than girls. Lee (2006) found that the Korean parents preferred girls to pursue colleges for domestic affairs or teaching colleges. Whang (2006) identified that Korean girls showed higher parental influence on achievement levels than the boys. Geist and King (2008) also found that differences in parental expectation between boys and girls could influence the children's attitude towards mathematics and the choice of profession. Given that parents stereotyped beliefs influence children's attitude towards mathematics, intervention programs were recommended not just for students but for parents to address gender stereotyped beliefs and provide equal support for both their daughters and sons (Lee, Lee, & Paik, 2010) . Shin (2012) , based on the PISA 2003 results, found that Korean boys showed higher positive attitude towards teachers than the girls. Park (2006) found that teacher efficacy has positive influence on student achievement levels. Go (2004) indicated that teacher efficacy has effect on students' attitude towards mathematics and students' attitude has positive effect on mathematics achievement. House (2004) indicated that students who know that their teachers care about them and have clear and reasonable expectation can get better scores. Supportive teachers play a significant role in student's engagement in school.
School climate and culture are important factors for students' achievement (Blum & Libbey, 2004) . Chung (2002) , based on a study involving Korean fourth grade and eighth grade students, identified that peer relationship has an influence on student achievement levels. Additionally, Whang (2006) identified that peer relationship has more significant influence on educational achievement for Korean girls than boys. Mullis, et al. (2012) found a strong positive relationship between students' mathematics attitude (like learning mathematics; value learning mathematics; confident with mathematics) and mathematics achievement levels. The boys have more positive attitude towards mathematics than girls do. Leung, et al. (2006) identified that superior performance of the East Asian students is not accompanied by the anticipated positive student attitude toward mathematics. Korean students, compared to those of other countries, reported lower affinity to mathematics and lower appreciation of the value of mathematics. In particular, Korean girls reported lower levels than boys (Lee, 2013) . The trend has been consistent over the years. Kim (2003) found that girls showed more negative attitude towards mathematics than do boys. Although boys and girls had similar attitude toward mathematics at the beginning of the seventh grade, the girls showed a significant negative attitude towards mathematics than did the boys at the end of the academic year. The students' positive attitude had positive effect on mathematics achievement levels (Go, 2004) .
Mathematics Attitude of Students
The analysis of TIMSS 2003 mathematics achievement data, identified that gender differences in mathematics achievement were significantly correlated with gender differences in students' valuing of mathematics (Else-Quest, et al., 2010) . If girls do not perceive value in mathematics education they will put less effort, and as a consequence their performances will be expected to be low (Bleeker & Jacobs, 2004) . Else-Quest, et al. (2010) using the TIMSS 2003 data identified also noted that gender differences in mathematics achievement were significantly correlated with gender differences in self-confidence in mathematics. For societies where boys are expected to pursue more technical careers and take more advanced mathematics courses, boys have more opportunities to develop confidence in mathematics and in return can establish a perpetual view that boys perform better in mathematics than girls (O'Connoer-Petruso and Miranda, 2004) . KICE (2013) observed that Korean students' confidence had higher levels of influence on mathematics achievement than other countries' students.
3. Conceptual Model The conceptual model incorporates the sociocultural factors that have been identified as having influence on gender differences in mathematics achievement, specifically parental involvement in education, teacher efficacy, and school affinity and examines their effect on mathematics attitude and mathematics achievement. The figure 2 represents the conceptual model.
Ⅲ. Methods
The following sections discuss data sources ad data analysis conducted for this study.
Data Source & Instrumentation
The TIMSS 2011 student questionnaire and achievement data were obtained from the TIMSS 2011 International Database (2013 . The data sources for the study is shown on Table 1 .
[ Table 1 ] Data Sources for the Study The TIMSS student questionnaire was structured in 4-point Likert Scale: (1) agree a lot; (2) agree a little; (3) disagree a little; and (4) disagree a lot. For this study the scale was transposed so that a higher number represents stronger agreement and a higher frequency. The transposed scale was: (1) disagree a lot; (2) disagree a little; (3) agree a little; and (4) agree a lot. For the questions involving frequency, the transposed scale was: (1) never or almost never; (2) once or twice a month; (3) once or twice a week; and (4) every day or almost every day. The TIMSS achievement results were reported on a scale from 0 to 1,000, with the TIMSS scale average set at 500 and standard deviation set at 100.
Participants and Sample Size of the Study
The total numbers of students included in the Table 2 .
[ Table 2 ] Sample Size for the Study 3. Data Analysis Procedure For the development of conceptual model, an exploratory factor analysis was conducted to identify underlying factors across thirty two student questionnaire items. The factors of Eigenvalues greater than one were selected as significant factors. Cronbach's alpha reliability coefficients were computed to determine internal consistency of these factors. For determination of significant differences in boys' and girls' mean responses to each of these factors, t-Test was conducted for p < .05. Then, a path analysis was conducted to compute the path coefficients. The path coefficients represent the strengths of effect. The Variance Inflation Factors (VIF) were computed to assess the multicollinearity of the model. Then, Comparative Fit Index (CFI) was computed to estimate the fit of the model. The conceptual models were reduced to achieve the CFI higher than 0.9 which is considered a reasonably good fit (Hong, 2000 , Kim, 2008 . For the analysis of statistically significant difference in mathematics achievement between boys and girls, t-Test was conducted for p < .05. The analysis were conducted with SPSS V.21 and SPSS-AMOS V.22.
Ⅳ. Results and Discussion

Gender Differences in Achievement Levels
The mean achievement scores for the total students were 613. The boys had the higher mean score (616) than that of girls (610). The differences were statistically significant (p < .05). The mean scores and standard deviations as well as the results of t-Test are provided in Table 3. [ Table 3 ] Descriptive Statistics and t-Test results for Mathematics Achievement Note: * significant at p < .05 (two tailed)
Gender Differences in Sociocultural Factors and Mathematics Attitude
From the TIMSS 2011 student questionnaire, thirty two questions related to sociocultural factors such as parental involvement in education, teacher efficacy an school affinity as well as students' mathematics attitude were identified (Appendix). An exploratory factor analysis was conducted to identify the existence of underlying structure among the thirty two questions for boys and girls. The data were subjected to principal component factor analysis with Varimax Rotation with Kaiser normalization. Based on the Eigenvalues of greater than one, which is the accepted criteria for a significant factor, six factors were selected for the model. Tables 4 and 5 To determine internal consistency of questionnaire items for each factor, Cronbach's alpha reliability coefficient was computed for each factor. Table 6 shows the results of the item-to-total correlations reliability coefficients. The Cronbach's alpha of .8 is a reasonable goal (George & Mallery, 2003) . The Cronbach's alpha reliability coefficients for the six factors ranged from 0.857 to 0.941, all representing high internal consistency.
[ Table 6 ] Cronbach's Alpha Reliability Coefficients for Factors 1) Parent, Teacher and School Factors The 'parent factor' represents the degree of parental involvement in education. The related student questionnaire items are 'how often parents ask about learning in school,' 'how often parents making sure time is set aside for homework,' 'how often parents check for homework,' and 'how often students talk to parents about school.' The scale for the parental involvement was: (1) never or almost never; (2) once or twice a month; (3) once or twice a week; and (4) every day or almost every day. Table 7 shows that parental involvement in education was higher for boys than the girls (mean responses of 2.32 and 2.24, respectively). The difference between boys and girls was statistically significant. This indicates that the parents of boys were more involved in the education than the parents of girls.
The 'teacher factor' represents teacher efficacy. The related student questionnaire items are 'teacher is easy to understand,' and 'interested in what teacher says.' Related to the 'teacher efficacy' the boys showed a slightly higher level than the girls (mean responses of 2.40 and 2.36, respectively as shown in Table 7 ). The study result is consistent with that of Shin (2012) that boys have higher appreciation for teachers than girls. However, this study found that the difference between the boys and girls in 'teacher efficacy' was not statistically significant (Table 7) .
The 'school factor' represents school affinity. The related student questionnaire items are 'like being in school,' 'feeling safe at school,' and 'belong at school.' Related to school environment, girls showed a higher level of school affinity than the boys (mean responses of 2.87 and 2.79, respectively as shown in Table 7 Note: ** significant at p < .01 (two tailed) 2) Mathematics Attitude There were statistically significant differences in 'like learning mathematics' between boys and girls. The boys had a higher mean response to 'like learning mathematics' than the girls (mean responses of 2.41 and 2.31, respectively as shown in Table 8 ).
The result is consistent with the findings of previous studies showing that boys have more positive attitude towards mathematics and achieve higher in mathematics assessments than girls (Kim, 2003 , Lee, 2013 Mullis, et al., 2012; Shin, 2012) .
There were statistically significant differences in 'value learning mathematics.' The boys showed a higher appreciation for 'value learning mathematics' than the girls (mean responses of 3.09 and 3.01, respectively as shown in Table 8 ). The result is consistent with several studies (Else-Quest, et al., 2010; Lee, 2013; Leung, et al., 2006; Shin, 2012) that revealed that boys have higher recognition of the value of mathematics, and achieve higher in mathematics assessments than girls.
There were statistically significant differences in 'confident with mathematics.' The boys and girls had mean responses of 2.28 and 2.15, respectively (Table  8 ). This result is consistent with those of various studies (Else-Quest, et al., 2010; Lee, 2013; Leung, et al., 2006; Shin, 2012) which revealed that boys have higher confidence in mathematics than girls, and that boys achieve higher in mathematics.
[ Table 8 ] Gender Differences in Mathematics Attitude Note: ** significant at p < .01 (two tailed)
Conceptual Model
To determine the effect of sociocultural factors on mathematics attitude and mathematics achievement, a path analysis was conducted. For the assessment of multicollinearity of the model, the variance inflation factors (VIF) were computed. The VIFs for individual components were all between 1.0 and 1.6 within the acceptable level. The conceptual model for boys and girls are provided in figures 3 and 4, respectively. The CFI (Comparative Fit Index) for the models (figures 3 and 4) were 0.79 and 0.77 for boys and girls, respectively. The CFI ranges from 0 to 1 and CFI higher than 0.9 is considered a good fit (Hong, 2000 , Kim, 2008 . The reduced models with higher CFI were obtained through elimination of non-significant paths. The reduced models (figures 5 and 6) show a reasonably good fit with CFI of 0.90 and 0.91 for boys and girls, respectively. With the elimination of non-significant paths, the reduced models reflect slightly changes to the path coefficients. The path coefficients are provided in Tables 9 and 10. [ Fig. 5 ] Reduced Conceptual Model -Boys Note: *** significant at p < .0001(two tailed) 1) Parent, Teacher and School Factors Parental Involvement in Education -The reduced conceptual models (figures 5 and 6) showed that, for boys and girls, 'parental involvement in education' had positive effect on mathematics achievement through influencing students' 'value learning mathematics' and 'confident with mathematics.' The 'parental involvement in education' did not have a significant effect on students' 'like learning mathematics' nor did it have a significant effect on mathematics achievement. The models revealed that 'parental involvement in education' could not make students like mathematics nor could it directly affect the students' mathematics achievement. The model (figure 6) showed that, for girls, 'parental involvement in education' had stronger effect on girls' 'value learning mathematics,' and 'confident with mathematics (path coefficients of 0.18 and 0.22, respectively) than boys (path coefficients of 0.17 and 0.15, respectively). The result is consistent with the study of Whang (2006) that observed a higher level of parental influence on mathematics achievement for girls than boys.
Teacher Efficacy -the reduced conceptual models (figures 5 and 6) showed 'teacher efficacy' had a positive effect on boys' and girls' 'value learning mathematics' (path coefficient of 0.27 for boys, and 0.25 for girls) and 'confident with mathematics' (path coefficient of 0.46 for boys, and 0.42 for girls). The 'teacher efficacy' had higher effect on students' mathematics attitude than 'parental involvement in education.' The result is consistent with the studies conducted by Park (2006) , and Shin (2012) showed positive influence of teachers on students' mathematics achievement. The models also revealed a relatively lower level of effect of teacher efficacy on 'value learning mathematics' compared to 'confident with mathematics.' The high pressure of the educational environment may not be conducive for teachers to engage students with enrichment activities and broaden student appreciation of mathematics. School Affinity -The conceptual models (figures 3 and 4) revealed that 'school affinity' although positive, had relatively weak effect (path coefficients or 0.1 or < 0.1) on mathematics attitude for boys and girls. The weak but positive effect is consistent with the study of Blum and Libbey (2004) which reported positive influence of school's climate and culture to mathematics achievement.
[ Table 9 ] Path Coefficients for Boys 2) Mathematics Attitude of Students Like Learning Mathematics -the conceptual models (figures 3 and 4) revealed that 'like learning mathematics' had very weak effect on boys' and girls' mathematics achievements (path coefficient of 0.01 and -0.01 respectively). The Korean students appeared to have achieved high results in mathematics with perseverance and determination and without Note: S.E: Standard Error, C.R.: Critical Ratio, *** represents p < .0001 much regards to affinity to mathematics. Consequently, there is a very low effect from 'like learning mathematics' to mathematics achievement in Korea. The result is consistent with the analysis of TIMSS 2011 International Results in Mathematics which showed that Korean students were rated the second lowest in liking mathematics among the 42 participating countries (Choe, 2003; KICE, 2013; Mullis, et al., 2012) .
Value Learning Mathematics -the reduced conceptual models (figures 5 and 6) revealed positive effect of 'value learning mathematics' to mathematics achievement for boys and girls. The models revealed that 'value learning mathematics' had a higher effect on boys' mathematics achievement than on girls' mathematics achievement (path coefficient of 0.21 for boys vs. 0.18 for girls). This result can be explained by a greater number of boys pursuing science and technology careers and mathematics achievement is an important pre-requisite for admission into top level colleges. Studies conducted by Lee (2013); Leung, et al. (2006); and Shin (2012) also showed positive influence of value of mathematics to mathematics achievement, especially for boys. Confident with Mathematics -the conceptual models (figures 5 and 6) revealed that 'confident with mathematics' had the most significant effect on mathematics achievement for boys and girls (path coefficients of 0.56 for boys and 0.57 for girls). The girls showed a slightly higher level of effect from 'confident with mathematics' on mathematics achievement than the boys. The result implies that an increase in girls' confidence levels can have a greater effect on mathematics achievement levels than that of boys. Initiatives to improve girls' mathematics achievement levels must explore ways to strengthen girls' confidence in mathematics.
The total effects on mathematics achievement from each factor are provided in Table 11 . Of the three sociocultural factors, the 'teacher efficacy' had the most significant effect on mathematics achievement and then 'parental involvement in education.' Of the mathematics attitude, 'confident with mathematics' had the most significant effect on mathematics achievement and then 'value learning mathematics.' The 'school affinity' and 'like learning mathematics' had very weak effect on mathematics achievement. As such, these factors were excluded in the reduced models.
[ Table 11 ] Total Effects on Mathematics Achievement
Ⅴ. Conclusions and Implication
Although the Korean students have been performing at the highest levels of mathematics achievement, the Korean girls' average achievement levels have been persistently lower than boys from Korea's first TIMSS assessment in 1995 to the most recent assessment in 2011 (Mullis, et al., 2000; Mullis, et al., 2008; Mullis, et al., 2012) . Numerous studies have attributed gender differences in mathematics achievement to sociocultural factors of parents, teachers and schools as well as students' mathematics attitude (Choi, 2013; Else-Quest, et al., 2010; Go, 2004; Kim, 2003; Leung, et al., 2006; Mullis, et al., 2012) .
This study developed and applied a conceptual model to examine the influence of 'parental involvement in education,' 'teacher efficacy,' and 'school affinity' on students' mathematics attitude and mathematics achievement for Korean eighth grade students using the TIMSS2011 results.
This study found that the parents of boys were more involved in education than the parents of girls. And the difference was statistically significant. The finding could be a representation of gender stereotyped views towards mathematics and science. O'Connoer-Petruso and Miranda (2004) and Lee (2006) observed that boys in Asian countries were encouraged by parents to pursue technical careers while girls were directed towards fields in literature. And the parents of boys may be more involved in the education.
The conceptual model showed that 'parental involvement in education' had an indirect effect on mathematics achievement through influencing students' 'value learning mathematics,' and 'confident with mathematics.' The lower level of 'parental involvement in education' for girls compared to the boys appeared to have contributed negatively to girls' valuing mathematics and confidence levels and in turn negatively to mathematics achievement
The study found that there were no significant gender differences in teacher efficacy. The teachers provided gender equitable influence to students. The model showed that 'teacher efficacy' had an indirect effect on mathematics achievement through influencing 'value learning mathematics,' and 'confident with mathematics' for boys and girls. The 'teacher efficacy' had more significant effect on mathematics achievement for boys than girls.
The model revealed that 'like learning mathematics' had no significant effect on mathematics achievement for boys and girls. The Korean students appeared to work hard to achieve high results in mathematics with less regard to their interest in mathematics. The model revealed that 'value learning mathematics' had higher effect on mathematics achievement for boys than girls. With more boys pursuing science and technology, mathematics showed higher importance for the boys. The model also showed that 'confidence in mathematics' had a greater effect on mathematics achievement for girls than boys. Increasing girls' confidence in mathematics can have greater improvement in mathematics achievement levels.
Based on the study findings that 'parental involvement in education' has higher influence on mathematics achievement for girls, the actions to reduce gender gap in mathematics must extend beyond the scope of educational curriculums and address the larger sociocultural view of mathematics and science. The OECD (2014) indicated that longer term effort to reduce gender difference in mathematics requires the concerted effort of parents, teachers and society as a whole to change the stereotyped notions of what boys and girls excel at, what they enjoy doing, and what they believe they can achieve. SEDL (2010) indicated that girls' exposure to positive role models has been found to have a positive impact on young women's math performance and can help dispel negative stereotypes.
Positive messages of 'women in science and technology' could contribute to changing sociocultural perspectives related to women in science and technology. A broad national campaign of 'women in science and technology' on media (TV, magazines, newspapers, internet) should be considered especially given girls' limited awareness of women scientists in Korea. The schools also need to consider lectures and class discussions on role models in science and technology with consideration for women scientists.
Given the strong effect of 'teacher efficacy' on girls' confidence in mathematics, and in turn their mathematics achievement levels, teachers will need to provide more positive feedback and encouragement to girls, and increase girls' engagement to mathematics lessons by reviewing teaching materials and exercises for relevance to girls.
In continuation of this study, a validation and application of this conceptual model with other mathematics achievements data such as PISA as well as with other countries data are recommended. Additional studies of the model can raise awareness of the influence of sociocultural factors and the importance of 'parental involvement in education' on gender differences in mathematics achievement.
